CHAPTERII

LITERATURE REVIEWS

Sustained release drug delivery systems

The sustained release dosage forms are developed for variety reasons such

as they may improve patient compliance, e, ected toxic effect due to high peak

/7

concentration and improve efficiency e of the less fluctuation in drug

level. Sustained-release drug ads prolonged duration of drug
delivery, as in controlled-releas so implies predictability and
reproducibility of drug release,

In the exploration of 4 ' 1, one encounter two areas of

potential challenge:
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1. Drug delivery systent d§ 610 ;-,. K ihe délivery system, which is capable
of administering a thefapéiiiatascne cdule for duration required for an

optimal treatment. LW

s g

- e

8 intestinal residence time,

o
2. Gastrointestinal ¢

=

so the drug deliver systerr side e proper of absorption site

for sufficient lon pin%i of time to d?r all the g loading dose.
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il 1 . pellets. The

sustained — release dosage forms are relied on dissolution, diffusion, or a combination of

both mechanisms to generate a slow release of drug to the gastrointestinal maliu (Hui,
Robinson, and Lee, 1987).



Although, the pellets are widely used as sustained release dosage forms but the
pellet productions have many drawbacks, which give undesirable pellets for the sustained
release dosage forms such as broad size distribution, irregular shape and porous siructure.

Therefore, these disadvantages are overcome by microtablets.

1. The comparison of pellets and the microtablets

In general, the sustained reledsSet diii gty ‘ s are desirable to have a product,

which posses a very uniform part size v 1 {ebulaash: pe, the high weight uniformity,

and low porous product. These" proper

compound per unit time. Althoug _

dosage form but their productic _give undesirable properties of
il \

the obtained pellets beca

‘processes.  Therefore, it cannot

.

control the various factorss Moreover, the cost of

production may be higher : \r - dosage forms. These
disadvantages are overcome b _‘ blet is a tablet, which has a
diameter of 1 — 3 mm, preferably = shapdis nearly spherical or cylindrical.
It can be seen that its size and sha e different from the pellets. But the
characteristics of microtablg Mageover, the microtablets can
produce by the conventiol :f ‘.‘, 'sion and wet granulation.

The equipment for the micrdlab t pro AP0 thike of the plain tablet, except

- i

the microtabletting machine. ?ecause it must use special punches that contain many smal!
bletting machine with

punches per one pmm ﬁm m : i 'i B h¢ ..i

special punches an tabletting pres good properties of the
materials in ﬁ w 7; Pich et al,,
1989; Arati @qlwmw Wﬁ m

Munday D.L. (1994) reported that the comparison of microtablets and granules,
which were developed to be sustained-release dosage forms by coating technique. The effect
of surface, shape, and porosity were studied. It was found that the granules had very
irregular surface and shape similarly to pellets but the microtablets had smooth surface and

uniform shape. Therefore, the requirement of coating materials for granules was 2.5-3 times



more than that for microtablets at the same surface area. Because the coating materials were
filled into the rough irregular surface of granules that tend to make the granule smoother and
more oven. Moreover, the release rates of drug from microtablets were more consistent than

from granules.

Flemming and Mielck (1995) prepared microtablets with various excipients and by
direct compression techniques. Moreover, the microtabletting process used various

diameters of punches and dies that were 1 0,324 1.5, and 2.0 mm. These narrow diameters

of the punches and dies required excalié A8 M8 powder as well as a strict limit for

i

the maximum particle size, in ordgg £6-avoid bloc ZofTh «die opening by coarser particles.

il Sy

Therefore, the powder mixtures wessevatuated with respest to density, shape, size, particle
size distribution, and flow rate " taragteristics of powder mixtures
n, and high flow rate. Their

suitable for producing the good

were uniform size with regul
characteristics indicated excel
properties of microtablets.

.

Drugs with lon J “

pe dose should not be

formulated as prolonged acti prou [S. " Drugs used for chr ic condition, with medium-
duration half-life, small doseﬂ’ chosen to l%he candidates for such formulations.

Diclofenac sodium 1@& %&% w&med release dosage
veral

form. Because it has advantages compared with conventional dosage forms. The
main advan Q. i % rattdns.z
compliance, wi ﬁ@ i su ! protection o i!e Ip ent agz

of various diseases.

d non-patient

attack of pain



2.1) Formular, name, formular weight (Reynold et al., 1989, Budavari,
1989, Adeyeye and Li, 1990)

CH,COONa

Figure 1 Diclofenac ; i rmular weight 318.3

Diclofenac sodium is @fso ediisng e 1 wing chemical names:

2-[(2,6 - Dichlorophenyl)amin gt ‘--A—"_--" ¥ % nosodium salt
[0-(2,6 - dlchloroamlmo)phenny r . salt

Sodium [0 — [(2,6 — dichlorg z
Sodium [2 - (2,6 — didfiEennsisnerpheyisaceia —_—

ol

2.2) Melting pomt 1clofenac sodium melts at 283-285°C

2.3) Appevﬂyﬂ ﬁ-ﬂdﬂ w i‘w U ‘7' n s
bl SAIAANAINEARY. . e

taste. It is slightly hygroscopic powder (Adeyeye and Li, 1990).
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2.4) Solubility

The equilibrium solubility performed in various solvent at room temperature are
shown in Table 1 (Adeyeye and Li, 1990).

Table 1 Solubility of diclofenac sodium.

Solvent Te Solubility
Deionized water (pH 5.2) A | ‘ >9
Methanol ' >24
Acetone = AR 6
Acetonitrile > W <1
Cyclohexane _ i ] <1
PH 1.1 'y | <
pH 7.2 (phosphate buffer) | - ' 6

3
2.5) Dissociation constant 7 ; 3 ion coefficient
The dissociation comfan ‘ d the partition
coefficient in n-octanol/aquegis t e | i, 1990).

2 sm@wﬁﬂﬂﬂ%"wmm
as eI s

relative hunudlty. Suppository formulation was also analyzed for stability using thin layer

chromatography and ultraviolet spectroscopy. The formulation was stable for 24 months at
room temperature. Stability in biological fluid (serum) was determined and the results
demonstrated that diclofenac sodium could be frozen for at least two weeks without
degradation (Adeyeye and Li, 1990).
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Buffer solution (pH 7.4) that contained diclofenac sodium dissolved in either -
cyclodextrin (f-CD) or hydroxypropyl-f-cyclodextrin (HP--CD) were prepared either with
or without oxygen and stored in the dark (Backensfeld. et al., 1991). Solution from which
oxygen had beer. removed was claimed to be more stable than those with oxygen. Although
precipitation was observed in solution without -CD or HP-B-CD during a short storage time
at 21°C, no loss of diclofenac sodium was reported after 520 days. At 71°C, in solutions
(without oxygen) that contained diclofenac sodium alone, or with $-CD or with HP-$-CD,
24.7%, 30.4%, and 34.6% diclofenac sodium remained, respectively, after 207 days.

2.7) Use and administrati
Diclofenac has analg atory properties; it is an

inhibitor of cyclooxygenase.

Diclofenac is used maifily & 4 Los: “the télief of pain and inflammation
in conditions such as rheumatgifl - losing spondylitis, renal colic,
al dose by mouth is 75 to 150

also be given rectally as a

acute gout, and following soine j
mg of diclofenac sodium da
suppository in a usual dose of 100 Diclofenac sodium may also be given
by intramuscular injection in a dose "m’ 801 or. if required in severe conditions,
75 mg twice daily. It is "‘f,’f—::_'i"i'""m"';;"'_"-'-""-"'fjx}“" a dose of 75 mg repeated

once after 30 minutes if v' F: S0-H0se by mouth or rectally for

in divided doses.

m@ uﬂﬁmgm NI, o
ARIHT RN I RYAR B e

diclofenac s are gastro-intestinal disturbances; reaction range from abdominal

juvenile chronic arthritis is ® 0 3 mg per kg body — weight dail$

discomfort, nausea and vomiting, and abdominal pain to serious gastro-intestinal bleeding or
activation of peptic ulcer. Cyclooxygenase, PEG, has a cytoprotective effect on the gastric
mucosa by inhibiting gastric acid secretion and by helping to maintain the gastric mucosa

barrier. Other adverse effects include CNS-related side effect; headache, dizziness,
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nervousness, tinnitus, depression, drowsiness and insomnia. Hypersensitivity reaction may

occur occasionally and include fever and rashes.
3. Commercial product of sustained-release diclofenac sodium
In Thailand, several diclofenac sodium sustained — release dosage forms are

widely margeted. Voltaren SR® tablet (Novartis) is one of these products, which is certainly
y

the most successful of all the sustained-release diclofenac sodium products. It shows

relatively uniform release pattern for 2 - i d of time. Its characteristic is film-

| l
coated tablet of two levels of dose. T \‘ ’} mg per tablet and 100 mg per

tablet.

u‘“

Such new product s y releas® dosage form in various
kinds, which are capsules by#fillifi firecth ol steblets by coating techniques.
The microtablets are the table or smaller than 1 — 3 mm,
preferably 1.5-2.5 mm. Their sifps and cylindrical with a flat or
convex upper side and lower side. li-53 antages over the single unit dosage
forms. These advantage sk of | efS inter- and intra- subject
variability, and high degre Y-_ .’w reduced the risks of high

local drug concentrations. ere fore, m 0 offe r an alternative for pellets

because of their uniform size ooth surface low porosity structure. It must use the
special punches and wﬁ%%tablhty Because the

punch station is equi d with a punch horer that contain many small concave punches, for

:::;P:;;mmm AT Py e -

Brabander et al. (2000) prepared ibuprofen matrix tablets that contained with
combination of the different microcrystalline waxes with various melting range and starch
derivatives, and by melt extrusion and standard compression techniques. The granules from
melt extrusion technique were compressed by an eccentric tabletting machine that equipped
with a standard filling shoe. And punch holders were equipped with flat punches 2 mm in
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diameter. The mean compaction pressure was 156 + 16 MPa for each microtablet. With an
increase in the wax concentration, there was a corresponding reduction in drug release rate.
The drug release was depended on a melting range of microcrystallinecellulose waxes. They
observed that the slowest drug release was obtained with 2 melting range between 68° and
72°C. Moreover, the drug release profiles were also modified by addition of starches and
mixture of starches. The ibuprofen concentration affected the release rate. It was observed

that increasing the ibuprofen concentration to 70% w/w resulted in a faster drug release rate.

Figure 2 Concept for the cay z

'}

Mﬁﬂ%ﬁ%ﬂﬂga which are narrow
diameters. Therefore, these tooling requife excellent flawability that 4s/important factor
necessary for@ﬁ@@!@ﬁu a}a t and content

of the microtabﬂ:‘s. (Flemming and Mielck, 1995; Pich et al. , 1989)

The special p
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Rey et al. (2000) prepared sustained — release theophylline microtablets with wet
granulation technique that using by a fluidized bed granulator. This process was carried out
using a solution of Eudragit RS 30D, as a binder, a solution of Eudragit RS PO, as a matrix —
forming polymer, and triethyl citrate as a plasticizer. The microtablets were compressed on
rotary tabletting machine that using force feeder and 17 punch station. The punch station
was equipped With a punch holder containing 19 small concave punch, each with a diameter
of 2 mm. The speed was kept constant at 26 rpm. The compaction pressure of 200 MPa or
250 MPa was employed. The influence of il yessure, the plasticizer contents, the amount
of theophylline, and the addition ¢ P m, e l,s jearate on the drug release were
2 '~f- ‘ontent affected the drug release

asing the concentration of

investigated. The compaction pié

whereas theophylline content dud

magnesium stearate decreased the*

Lennartz and Mielck (13 4, cal trength and the tendency of

capping of paracetamol miCrotghle} A Q normal-size of parcetamol

w4
T3

tablets. The paracetamol mic#tale Ve ompression technique. The

powder mixtures of paracetmg, lubricant were continuously

tabletted on an eccentric tabletting ed tablet with diameters ranging

from 1.5 to 5 mm. They observed thz IB0)s N
were higher than that 2 c tal at, the capping tendency of

paracetamol microtablets W ‘”, ant, especially in ranges

rength of paracetamol microtablets

smaller than 3 mm diameter e tablet. a3

, e AU NN TN
AT INYISY. .....

such as the direct compression method which is very easy to produce. Following this
method, the active ingredient is mixed with other additives such as diluent and lubricant until
homogeneously. Then the powder mixtures are compressed with the rotary tabletting
machine that contained special punches and dies. The wet granulation method is more
complicated than direct compression method. The active ingredient is mixed with diluent or

filler until homogeneously. Then binder is added into the powder mixtures and are mixed
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continuously until obtaining damp mass. The mass is passed through the sieve #8 or #10 by
oscillating granulator. The granules are dried with conventional equipment such as air
drying or oven drying that are controlled with temperature and time. The dried granules are
passed through the sieve again by oscillating granulator and are mixed with the lubricant
until homogeneously. The final granules are compressed with the rotary tabletting machine
that contained the special punches and dies.

Sujja-areevath et al. (1996) prepa "L"

iglofenac sodium microtablets contained
various types and amounts of natural gus | ianulation method. The single punch
tablettting machine contained flaf-facea % 165 Witkest diameter of 3, 4.5, and 5 mm. The
| + 0.6 kN. The effect of
slume of matrix and types of
g I elease rate decreased with

compression force used to compzess
amount of gum on the drug relgas
excipient were investigated.

increasing the gum content. 14 \"'-a,_’- appeared to play the

spe of natural gum affected the

ume could account for the

dominant role in determining th
drug release and release beh: fio

slower drug release because of #iCr #sing 45L 3G9 gim in these formulations. The

g
f \

solubility differences between exciPiediiand ol ¢ felease rate. However, increasing
,l*

proportions of each exmplent produged s g 4971 er release that depended on their

.

release mechanisms.

¥
E I

= J ¥

e
nn

Saettone et al 199 ared sus lease tlmolol maleate microtablets by

direct compression wm ﬂ%he microtablets were

hes and dies with a

pressed by a single purich tablettmg machis that contained concave pun
diameter of m 3t the, dang rélez
microtablets 1 Co? ing.
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6. The Additives for Microtablet Production

6.1) Diluent/ filler

There are many kinds of dilients that are used to produce microtablet. They
are similar to produce the plain tablet, which are Ludipress®, lactose, and corn starch. Their

characteristics should be safety, inert, and co

patibility with active ingredient. Therefore,
the suitable diluents for producing the ' depended on the characteristics of

active ingredient and the techniques

6.2) Sustained-releascn

The cellulose derivatiy iluent and sustained release
materials. Therefore, they a ¢ add ‘ % the formulations because
they are the most abundant of @il ogf A1 S N (ufally occurring substance that
has always been an importance | . ieing. Moreover, the cellulose
derivatives have many diffi nge everal properties, such as

hydroxypropylmethylcellulose, ethylcel:

* hydroxypr yylmeth
| An applicat Ay propglmeth . r film coating have
become popular, m@ﬂ lace A t ga ﬂms since they give a
i cara % : ¢ tm ask color and
NG et o
is that its dlssoﬁ'es both organic solvents and water over the entire biological pH range. This

means that film coating can be done using an organic solvent system and the film formed is

expected to dissolve in the digestive juices, leading to complete release of the active

ingredients.



17

CH,OR

R = H-, CH;- or CH,CH(OH)CH,-

Figure 3 Chemical structus “hyc \ i ihylcellulose

igure 3. HPMC is classified
sity. HPMC of lower viscosity

The chemical structures
according to its substituent gig f
(less that 15 cps) is commoy gsc CObiNg
higher viscosity HPMC. . i .-'_79-‘ ’ nds of HPMC for film coating widely
used throughout the world arg#ph: P @ 1 503 (Shin-Etsu Chemical Co., Ltd.,
Japan), and Methocel E 15, E 5 glic 3 (1o < hgyical ¢ ) oltd., USA).

DI duced by depolymerization of

HPMC is cellulose ethers, whi

controlled release oral de

Y
.s“_"

the basis for hydrophilic matrices of
) €3s white or creamy-white
X g a viscous a colloidal
solution, insoluble in alcoh(gther and ch! FBUL Solub ' mixture of methylalcohol
and methylene chloride. very stable in conditioné Solutions are stable at pH

3.0-11.0. It is unstal ‘ wﬁﬁlﬂﬁh oxidizing materials.

Human and animal ing studies have hown to be safe. HPMC can be used as film

Lapidus and Lordi (1966, 1968) investigated drug release from compressed
hydrophilic matrix of HPMC 15,000 cps. Water-soluble drugs (chlopheniramine, sodium

fibrous or granular powde 4

salicylate) and water-insoluble drugs (benzoic acid, benzocaine) were used as model drugs.

The dissolution profiles when plotted against square root of time were linear. In addition,
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the effect of temperature added diluent and type of polymer on release patterns measured

from plane surfaces and whole tablets were also reported.

Dissolution studies of indomethacin controlled release tablets showed that for a
poorly water soluble drug, not only was the polymer to drug ratio important in controlling
the release, but both viscosity grade of HPMC and particle size of the drug were to be
recognized more eritically than the water soluble drugs. Furthermore, erosion of HPMC

matrix was suggested to be the only mechanism by which poorly soluble drug were released

For a formulation contaii - i saCiwe drug, aerosil 200, CMC and
HPMC in the ratio of 1: 0.7: 4.4 gave

vivo studies. The release of dust®

2 hours, both in vitro and in
ound to be independent of

hardness of tablet and pH of tly 2 Bt Rao, 1986).

HPMC was used {0 pgdduf: by fop) natix { " propanolol hydrochloride,
aminophylline and promthazi that a plot of percentage drug

dissolved against square root of} . In addition, the major factor

controlling drug release was the dfug/ s is E& Rubinstein and Hogan, 1985b,
1985¢). LTRIA S

Sheu et al. (1992) Ssdiic B <solution of diclofenac
il - - " I:
sodium from Voltaren SR and HPMC based niatiix tablets. Th&¥esult indicated that addition

of sodium or potassmm chlon the dissoluti edium decreased the solubility of the

drug and slowed th %\E’lﬁ aaﬂglonde being greater.

Dissolution of the was studled ﬂmum which simulated the changing pH of the
1

T
found to be in y related to the eaw'hthep was ¢

by the deposition of an insoluble drug layer when contact is made with an acid medium.

S may be caused

When higher viscosity grades of HPMC were used, slower release rate result. Drug release
from Voltaren SR was best described as non-Fickian in an aqueous medium irrespective of
whether salt was added; however, a zero-order dependence became evident in pH changing
media. The release of diclofenac sodium from the hydrophilic matrices followed a non-

Fickian transport in all media.
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«+ ethylcellulose

Ethylcellulose (EC) is the ethyl ether of cellulose and can contain 44.0 and
51.0 percent of ethoxy groups. Ethylcellulose is resistant to alkali, both dilute and
concentrated, and also to salt solutions. It is subject to oxidative degradation in the present
of sunlight or UV light at elevated temperatures. Ethylcelluldse is incompatible with

paraffin wax and microcrystlline wax. It is presented as a non-toxic substance, free flowing,

EC used in combinage i [PV Stz ch produced a sustained
release granule of nifedipine, | i 3 ’ | Jabove 40% release is obtained

based on the Higuchi equatidn (i

Gilligan and Po (1991
The system consisted of drug coz

: .pellets of dextromethophan.
I' ere then overcoated with the rate
controlling membrane. The membranic v s <1 by spray coating with an aqueous
dispersion of EC containipzik

4ie post-coating conditioning
was important to ensure : p. e

case could be made pH-

independent by a choice of pt gper formuls

ﬂﬁﬂﬂﬂ%’wmm

Wsﬁiﬁ&wﬁmm&a

OC;H4

Figure 4 Chemical structure of ethylcellulose
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6.3) Binder

Binder’s properties should be non - toxic, inexpensive, readily available, and
compatibility with the active agent. The characteristics of binder can bind the active
ingredient with the other additives that used in the wet granulation method such as
polyvinylpyrrolidone, corn starch paste. The percentage of granulating used and

concentration used in formula are presented in Table 2.

Table 2 The concentration used of hi

Material _Concentration Used
+ (% of formula)
Acacia - 2-5
Cellulose derivative 1-5
Gelatin 1-5
Gelatin-Acacia 2-5
Glucose 2-25
Polyvinylpyrrolidone 2-5
Starch paste 1-5
Sucrose 225
Pregelatinized starch e 3 ; 1-5
Tragacanth ' M il 1-4

o WGHTINENINERS
il SR TRUNE D oo

should not react 'chemically with the active agent. It uses for reducing the friction of tablet
with punches and dies. Moreover, It improves the flow properties of the powders and

granules such as stearic acid, magnesium stearate, and talcum. The concentration used of

lubricants in the formula are presented in Table 3
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Table 3 The concentration used of lubricant in the formula

Material Usual range (%)
Stearate (magnesium, calcium, sodium) 1/4 -2
Stearic acid 1/4 -2
Waxes 1-5
Talcum 1-5
Sodium benzoate & sodium acetate 1-5
Sodium chloride 1-5

Sodium lauryl sulfate
Aerosil 1-0.5
7) Evaluation the flowability oo " bt ficotabletproduction

57

The flowability of pov 2480 dedelin w \# DUS parameters:
7.1)  The angle of repo

The common proced repose is displayed

-

in Figure 5. In the ﬁxed- U7

-

tip a given height, H, abo ri 3

* | funnel is secured with its

0 W, graph paper is attached.

el until the apex of the conical pile

oo S B 11 S DTS
s Ty

The value for angle of repose < 30° generally indicated a free-flowing material, and
angle > 40° suggested a poorly flowing material.
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111111

Figure 5 The ; ) if gl S ar ole of repose

Tan and Newton (1 ' wd tihe pow tlowability that was an indication of

capsule filling performance. \ ule filling operation and the

production of capsules with oS kssential that the powder had
\
ability of 5 excipients that were

Starch 1500, Avicel pH101, calciupy [;g}'_”—; maize starch were studied. The

5

, the flow parameter of

parameters indicated the {10y o psg

compressibility’s index au ‘l"' ' x 9l They observed that the

i
ji

angles of repose were less tl 50° indicated freefiow ng poWider. Whereas the angles of

repose were more than 60° in d cohesive powder. And, the value of Hausner’s ratio
was less than 1.2 l\\%w wg;w | gxq}ﬁaﬁlty was depended on
hology,

g

The procedure of determining the bulk and tapped density is displayed
in Figure 6. The bulk density was determined from the weight of powders or granules
(accurate weight recorded), carefully transferred into a 100 ml graduated cylinder and the
bulk volume was recorded. Division of weight by bulk volume yields bulk density. After
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that, the motor is rotated effect to the vibration of graduated cylinder until the bulk volume is
constant. The second bulk volume was recorded. Division of weight by the second bulk

volume yields tapped density.

The derived parameters from the bulk and tapped density are indicated the
flowability of powder such as:

The CARR’s compressibility index is the difference of the tap density and the
bulk density, time 100 over the tap density in

% Carr’s index = {(tapped densi gansity}x100}.......... (2)

The value of % Carr’s compressi ieated good flowability

L] w ¥
*h -~ .
l-\' ‘l\‘ﬁ'ﬂ-".“l“---’n-

.

émmw

Figure ‘The measurement of bulk and tapped density by cylindrical method

Sienkiewicz et al. (1997) prepared theophylline pellets contained with various grades
of microcrystallinecellulose, and by a fluidized-bed rotogranulation technique. The effect of
various types and amounts of theophylline loading of characteristics on pellets were

investigated. The characteristics of pellets were studied by size, shape, drug content, and
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flowability. They observed that the potential of spheronization of binary system using
anhydrous theophylline and microcrystalline cellulose depended on the choice of
theophylline and the level of drug loading. Sphericity declined when drug loading exceeded
70%. Micronized theophylline was much more difficult to produce pellets but the large-
sized particle grades of both drug and excipient materials worked best. The flowability was
estimated with the Car’s compressibility index. The value of the Car’s compressibility index
below 15% indicated good flowability. In this study, the obtained pellets showed similarities
in flowability because all nine combinations of drug and excipients formed spheres. On the
contrary, the other properties showed signi 7 nces.

7.3) The flowability

The procedure of de Vg 4% ‘ in Figure 7. In funnel
method, the flowability of p o hute e(erm = y directly measuring the
amount of powders or granules g#a: " de interchangeable orifices
(**) onto balances or blending ! £ . sensor. The result shows in
g/sec. The high flow rate gen | todre: ial.

i

@ o mm

Figure 7 The measurement of flowability by funnel method
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Flemming and Mielck (1995) prepared microtablets with eleven excipients, and by
direct compression technique. The powder technological parameters, namely particle size
distribution, density, and especially flow rate were determined. Therefore, the flowability of
powders was necessary factor for rotary tabletting machine with narrow diameter of punches
and dies. The flow rate was estimated by the funnel method with interchangeable orifices
that varied the diameter. The mass of powder had flown from the funnel was recorded by
sensor. In this investigation, the end masses and end time were taken for calculating the

flow rates. They observed that the flow

it of free-flowing materials was higher than
cohesive materials in the same orifice.. : / &

Valesco et al. (1995) studieduthe How propiries of bulk solid that had been carried
out on various types of maltodes r a7 : ch as Maltrin M150, Maltrin
M510, Maltrin QDM 500, andg roperties of excipients like
parameters form % com;;re i m ' angles of repose were
investigated. The percentage™of g ¥ om the calculation of bulk
density and tapped densitys the value of percentage
compressibility greater than 20 The flow rate was measured

by flowmeter that contained a \different hole sizes, such as 6, 9,
12, 20, and 25 mm. A software prog ;j_. o7, dat isition, graphic, and calculation were
used. Moreover, the angle - ; 7 fu' e revolving to cylinder

method. The value of anghk 3” "' der. They observed that
a different behavior betwee e M ahd the o ' excipients under study in

flowmeter, being Maltrin M150° % only excipie thh did not flow through any orifices

of the flowmeter. &S ﬂﬁ%&blhty and angle of
repose were above li Therefore, the owablhty of Maltrin M150_was better than the
e BIFIHINTUNWA TN ﬂl”ﬁﬁl

q

Fassihi and Kanfer (1986) investigated the effect of compressibility and powder flow
properties on tablet weight variation. The flowability of powders, such as Emdex,
Emcompress, magnesium oxide and three components powder mixture were assessed for
flow rate, angle of repose, particle size and compressibility index. The compressibility index

was greater than 20% indicated cohesive material. The value of angle of repose was greater
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than 60° showed cohesive material whereas the value was less than 30° indicated free
flowing material. A three-dimensional plot was constructed to illustrate the influence of
flow rate, angle of repose, compressibility index on the coefficient of tablet weight variation.
The data obtained during this study also indicated that when the compressibility index
exceeded a value of about 20% a significant increase in tablet weight variation resulted
irrespective of the powder flow rate. Moreover, the value of angle of repose indicated poor

flowing or cohesive material that affected the weight variation.

; yell reviewed by Baker (1987).

A matrix system, as the &L 45 24 ding distributed homogeneously
throughout a polymer matri _ i l 18 used without qualification,
it typically means that the ¢ Ai: ] ically disintegrate. If the
polymer does erode, the device #a ol 9_', 3 atrix device is referred to as

an erodible, bioerodible, or biodeg#dat

erdlly being easier and less

-

Matrix sysiéms

expensive to produce thag & B Jause they do not have a
———

polymer covering that can suddenly bre "0 danger 0f an abrupt release of a large

amount of drug.

YHANENINeNS

There two principal categories of matrix devices. If the active agent is
dissolved i

X, &gn jg i m | o
: ] ;
kind is often used whe ve age , some pol c by dissolve up to

20% or more these liquids. If the active agent had a more limited solubility in the polymer

medium and the remainder is dispersed as small particles throughout the polymer. A device

of this type is called a matrix dispersion.
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8.2) The release pattern of matrix system
The pattern of delivery achieves by a sustained release system can vary over
a wide range but release profiles can be categorized into three types; zero — order release

pattern, square-root-time release pattern, and first-order release pattern.

1) Zero — order release pattern

Such a ideal sustained release devide § shich can deliver the drug at a constant

rate until the device is exhausted of as : fathematically, the release rate form

this device is given as

(3

where k is a constant, t is tiz nt telease is M;. This pattern of

release is called zero-order rel¢
2. Square-root-time o

The second co ntly referrs to as square-root-of-

time or t  release, prov1des com e s ﬂ,ﬁf ear with the reciprocal of the square

root of time. The release ig

2 M/dt ceeerenna(4)

: @Mﬁ nundneny
e

device. The release rate is then given as

dMydt

Il

B
~
S

I
g
@

where M, is the mass of active agent in the device at t=0. So, it can rearrangement as :

dMyadt e kMpexp™................(6)
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In first - order model, therefore, the release rate declined exponentially with time,
approaching a release rate of zero as the device approached exhaustion.

So that the exposed surface area of device decreased exponential with time, Wagner
(1969) suggested that the drug release from most controlled—release matrices could be
described by first order kinetics, thus:

A, = Age™ne. (7)

where k; = first order release con st :
Ao = initial amount of drw
A¢= amount of drug ¢

Simplifying and taking the log
..... 8
First order model could b g ficte " Hp pgarithm of the percent of drug
remaining against time. If first offle oded PRI iglati , as obtained.

If both the Higuchi model®q | 7‘ ots were linear, as indicated by

correlation coefficient, it was neces: setween the models. The treatment
was based upon use the di ;; ‘_,. 2 L _g ichi equations (Schwartz,

Simonelli, and Higuchi, 19 ,.. . ‘

dF

For Higuchi mod el, ofrate would be in\gﬁproponlonal to the total amount of

drug release in ";1'! " y _a Cqu wﬂ,% 0 )HQ‘@“% 1990)

@M@W@J Ipaineady

For Fnrst - model, this indicated that rate will be proportional to Q. This rate of .

release was determined by measuring the slopes at different points on the percent of drug

release versus times curves.

do/dt

KOs (10)
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The plots of rates of release versus 1/Q were linear, indicating that the release was
fitted with Higuchi model. If the plots of rates of release versus Q were linear, indicating that

first order model was operative.

The release pattern for each classes of device is illustrated in Figure 8 (Baker , 1987).
The release patterns of zero-order, square-root time and first-order are depicted (Equation

3,4, and 5) respectively

Hexlemmome Roatm

autInendnenns
sl inedy

Figure 8 Zero-order, First-order, and Square-root time release pattern from

devices containing the same initial active agent content
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